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Androgen receptors were localized in cryostat sections of 
human skin using monoclonal antibodies to the human an-
drogen receptor. Bound antibodies were detected using bio-
tinylated ra~bit .anti-rat .Ig.G, peroxidase-conjugated strepta-
vidin, and dlalTIlnobenZldme as chromogen. In the neonatal 
foreskin, antibody to androgen receptor bound to keratino-
cytes in the epidermis and to fibroblasts and vascular endothe-
lial cells in the dermis. Immunohistochemical staining was 
stronger in nuclei than in cytoplasm. This staining was spe-
cific, because there was no significant staining when antibody 
to the androgen receptor was replaced with IgG from non-
immunized rats or with buffer, or when antibody to andro-
gen receptor was incubated, prior to immunostaining, with a 
trp E- human androgen-receptor fusion protein used as im-
H air follicles, sebaceous glands, and apocrine glands are well-recognized androgen-responsive tissues. Androgens stimulate the growth of hair in various areas of skin including the pubis, axillae, and beard, whereas in the scalp androgens promote baldness in 
genetically predisposed individuals [l,2J. Androgens cause enlarge-
ment of the sebaceous glands and apocrine glands and increase se-
cretion of sebum by these glands [3 - SJ. Androgens promote dermat-
ologic disorders such as common baldness, female hirsutism, acne, 
seborrhea, and hidradenitis suppurativa. Androgens, such as testos-
terone and 5a-dihydrotestosterone, bind to specific intracellular 
receptors, which modulate specific gene expression and so affect 
tissue growth and function l6}. We have cloned rat and human 
androgen receptor (AR) cDNAs [7J and have used them to produce 
erp E-AR fusion proteins in bacteria [8,9J. These fusion proteins 
were used as immunogens to produce srecific polyclonal and mono-
clonal antibodies against human AR [8 . These antibodies have been 
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munogen. Incubation of androgen receptor antibody with trp 
E alone did not affect staining. Androgen-receptor antibody 
also bound to keratinocytes, fibroblasts, and endothelial cells 
in skin from adult men and women. Skin from the scalp, 
nose, lip, back, and chest gave positive staining for androgen 
receptor. Antibody to androgen receptor also bound to the 
coil and ductal cells of eccrine glands, external root sheath of 
hair follicles, epithelium in the hair bulb, dermal papilla cells, 
and sebocytes. There was no significant binding to adipo-
cytes, collagen, or stratum corneum. These results show that 
androgen receptor is present in cells that are known to be 
targets for androgens and also in cells in which the biologic 
effects of androgens are yet to be characterized. ] [ntlest Der-
matol 100:663 - 666, 1993 
useful in immunocytochemical localization of AR in reproductive 
tissues [10,11). Rabbit polyclonal antibodies generated against the 
trp E - AR fusion protein [12J and mouse monoclonal antibodies 
against a synthetic AR peptide [13] have been used to locate AR in 
human skin. In this report, we describe our results using rat mono-
clonal antibodies, produced against the trp E-AR fusion protein, to 
localize AR in various cells of human skin. 
MATERIALS AND METHODS 
Neonatal foreskin was obtained from 12 individuals undergoing 
circumcision. Normal adult skin specimens were obtained from the 
periphery of excised rumors. These specimens included skin from 
the cheek of a 22-year-old black man, the preauricular area of a 
62-year-old white man, the nose of a 69-year-old white man, the 
upper lip of an 85-year-old white man, the forehead of 67- and 
7S-year- old white women, the jaw of a 6B-year- old black woman, 
the back of a 34-year-old black woman, the nape of the neck of a 
40-year-old white woman, and the hairy scalp of 20-, 32-, an.d 
69-year-old white men. These surgical specimens were immedI-
ately frozen in liquid nitrogen and stored at -BO°C. The prepara-
tion of three rat IgG monoclonal antibodies (ANt-6, ANI-7, and 
ANt-tS) against human AR was described previously [8J . Th.esc 
antibodies were raised against an immunogen comprising ammO 
acids 331-572 of AR fused to the C-terminus of a truncated form of 
the Escherichia coli trp E gene product (anthranilate synthetase) [8]. 
Unless specified monoclonal antibody ANt-IS was used. 
Skin specimens were embedded in Tissue-Tek O.C.T. com-
pound (Miles, Elkhart, IN) and 6-)1m sections were cut on a KrJ.'0-
stat 1720 (Leitz) . Tissue sections were placed on slides coated ~Ith 
gelatin and fixed in 2% formaldehyde in PBS (10 mM potassIUm 
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Figure 1. immunocytochetnicallocalization of AR in keratinocytes, fibroblasts, and endothelial cells of neonatal foreskin using monoclonal anti-AR 
IgG. Cryostat sections of skin were immunocytochetnically stained as described in Materials alld Methods using (a) anti-AR (20 ,ug/ml), anti-AR (20 Itg/ml) 
incubated for 24 h at 4 ' C with either (b) trp E-AR fusion protein (600 ,ug/ml) or with (c) trp E (600 ,ug/ml) and (d) non-immunized rat IgG (20 Itg/ ml). 
Mixtures of antibody and trp E-AR or trp E were centrifuged after incubation and the supernatant used for staining. Staining of keratinocytes (thick 
arrow), endothelial cells (thill arrow), and fibroblasts (arrowh ead) is evident in a and C. The pigmentation in the basal layer of the epidermis was due to 
melanin. Bar (d), 50 ,urn. 
phosphate, pH 7.4, and 0.15 M N aCI) at 25' C for 25 min and then 
rinsed in PBS for 10 min. The streptavidin-biotin system for im-
munohistologic staining (Zymed Labs, So. San Francisco, CA) was 
used in the following procedures. Approximately 100/11 of 10% 
normal rabbit sera were applied to each tissue section to block non-
specific binding sites for biotinylated second antibody and then 
incubated in a humidified chamber at 25' C for 10 min. Rabbit sera 
was removed by blotting and each tissue section overlayed with 
100/11 of purified rat monoclonal antibody to human AR (anti-AR) 
at a concentration of 8 to 20/1g/ml in 0.1 M Tris-HCl, pH 7.2, 
containing 1 % bovine serum albumin. The slides were kept either at 
37'C for 30 min or 4 'C for 18 h in a humidified chamber to allow 
the antibody to bind to AR. Specificity of staining was determined 
using three controls that involved incubating tissue sections with 
either the vehicle only, with an equal amount ofIgG from non-im-
munized rats, or with anti-AR incubated with the trp E - AR im-
munogen. The specimens were rinsed with PBS and then incubated 
with 100/11 ofbiotinylated second antibody (rabbit anti-rat IgG) for 
10 min at 25 ' C. After rinsing with PBS to remove unbound second 
antibody, each specimen was incubated with 100/11 of peroxidase-
streptavidin conjugate at 25' C for 5 min. Slides were then rinsed 
with PBS to remove the unbound conjugate and each tissue section 
was incubated at 37 ' C for 5 min with 100/11 of the chromogen 
substrate solution consisting of diaminobenzidine (0.5 mg/ml) and 
hydrogen peroxide (0.01 %) in 0.05 M Tris-HCI, pH 7.2 . The per-
oxidase reaction was stopped by rinsing the slides with distilled 
water and the specimens were dehydrated by dipping sequentially in 
95% ethanol, absolute ethanol, and xylene. The slides were 
mounted with a liquid coverslip. Cells positive for AR were stained 
brown. Initially rat ventral prostate was used as a positive control 
and this tissue gave intense nuclear staining as reported [11] . How-
ever, after establishing the specificity of anti-AR binding to human 
foreskin tissue sections, foreskin was used as a positive control in aU 
experiments. 
A comparison of tissue staining after fixation of tissue sections 
with 100% acetone, 2% formaldehyde, or 4% formaldehyde 
showed that 2% formaldehyde fixation gave the best preservation of 
tissue structure and greatest intensity of AR staining. 
Figure 2. Immunocytochemical localization of AR in sebaceous glands. 
The specimen was from the scalp of a 32-year-old man. Nuclear staining 
was observed in immature (fhill arrow) and well-differentiated (arrowhead) 
sebocytes. 
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figure 3. The cross section of a hair follicle showing the presence of AR 
ill the epithelium ~fthe external root sheath. The hair shaft, which is 
composed of non-hvmg hair cells, was not stained. The section is at the 
level of the infundibulum. The specimen was from the same individual as 
ill fig 2 . 
RESULTS 
Keratinocytes in the epidermis and fibroblasts and vascular endothe-
lial cells in the dermis of neonatal foreskin were immunoh istochem-
ically stained with anti-AR (Fi.g 1a) . Staining was more intense in 
the nuclear compartment than m the cytoplasm. Incubation of anti-
AR w ith the trp E - AR fu sion Frotein abo lished the staining of 
these cells (Fig Ib). Incubation 0 anti-AR w ith trp E alone had no 
effece o n the staining (Fig 1e). There was no significa nt staining 
when anti -AR was replaced with non-immunized rat IgG (Fig 1t1) 
or buffer a lone (data not shown) . Anti-AR staining of these cells was 
not inhibited by a fivefold excess of non-immunized goat IgG. 
Immunohistochemica l stain ing was si milar with two other mono-
clonal anti-AR antibodies, ANl -6 and ANI-7. These results sug-
gest that a nti-AR binding to thes~ cells is specific. 
As w ith neonatal foreskm, antl-AR monoclonal an tibodies also 
bound to keratinocytes, fibroblasts, and endothelial cells of adult 
skin including skin from sca lf' face, lip, chest, and back of men and 
women. In addition, some 0 these skin specimens contained other 
components that were immunocytochemically stained using anti-
AR. For example, sebaceous glands in tissue sections were positive 
fo r AR (Fi g 2) and exhibited strong nuclear and weaker cytoplasmic 
staining of both th e immature periphera l sebocytes and the mature 
sebocy tes in th e ce nter. In contrast, subcutaneous adipocytes were 
not stained (not shown). The staining pattern ex hibited by a cross-
section of a hair fo ll icl e is shown in Fig 3. AR was present in the 
epithelial cells of. the external ~oot sheath. The hair shaft in the 
center was not stamed. In the hair bu lb, both the dermal papilla and 
the surrounding hair epithelium were stained for AR (Fig 4). The 
cell nuclei of th e fibrous sheath surrounding the hair follicle was 
also positive for AR. Coil and ductal cells of eccrine glands were also 
stained (Fig 5). The staining of cells in hair follicl es and eccrine 
glands wa.s not observ~d if ~nti-AR was incubated with the trp 
£-AR fUSIOn protem pnor to Immunosta1l1lI1g or when the anti-AR 
Vias replaced with non-immunized rat IgG or buJfer alone. These 
skin components were positive for AR in all specimens in which 
they were present. 
DISCUSSION 
The present study shows that AR is present in many ce ll types in 
human genital and non-genital skin. Sebaceous glands are we ll-rec-
ognize~ androgen-sensitive tissues and our finding o f positive im-
munohls tochell11cal stalI1lI1g for AR 111 sebocytes adds to the evi-
dence for a ro le for androgens in th e fun ction of these cells . Based on 
rad ioactive androgen binding, the presence of AR in fibroblasts of 
genital skin has previously been suspected [14]. Our detection of AR 
in the fibroblasts of nongenital skin suggests that androgens can also 
affect fibroblasts of non-.genital skin . It has been reported that , in 
women With osteoporosIs, th e content of co llagen synthesized by 
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Figure 4. Immunocytochemical loca lization of AR in dermal papilla cells 
(P) and the harr eplthehum (E) in the hair bulb. The specimen was ob-
tained from the face of a 62·year -old man. 
fibroblasts is increased after androge n treatment [15J. Comparison 
of the level of AR 111 gel11tal and non genital skin and in male and 
fema leskll1 was not possible because this il11munoperoxidase tech-
l11que IS only semi-quantitative. Apocrine glands are expected to 
conta111 AR; however, the skin specimens that we obtained were 
fro m anatomical sites that normally do not contai n apocri ne glands. 
Our dete~t1on of AR 111 dermal papilla cel ls may be important in 
th e elUCidation of th e mechanisms involved in androgen regulation 
of hair growth . Res~lts fro m implanta tion studies in animals suggest 
that the dermal papilla, not the hair epithelium, dictate th e type of 
hair that can be produced [1 6J. Androgens stimulate hair growth in 
areas such as the pubiS and beard. In contrast, in the scalp androgens 
can cause baldness. Dermal papill a ce lls may play an important role 
111 prO?Uc111g d~ffe rent androgen responses . AR is also detected in 
the hair epithelium that contains germinative matrix cell s that fo rm 
different layers of hair cells. The external root sheath of hair folli-
cle~ also co ntained AR .. T hus, androgens may aJfect hair growth 
t1uough a concerted actIO n on multiple cell types in hair fo llicles. 
Papa and Kligman have reported th at topical application of testos-
terone propIOnate to one of the axill ae of elderly men and women 
111creases the thickness of the epidermis and increases the sweating 
response on ly 111 the trea ted site [1 7J. Our findings of AR in the 
kerat1110cytes of the epidermis and cells of the eccrine glands indi-
cace that these cell s are potentiall y target cells for androgens. 
PrevIous studies of Immunocytochemical loca lization of AR in 
sk111 have been reported by Blauer el II I (1 2), who used a rabbit 
polyclonaI antibody (supplied by us) produced agai nst the sa me trp 
E - AR fUSIOn protem used III our study, and by C houdhry et 01 [13] , 
Figure 5. Immunocytochemical loca lization of AR in the ductal and coil 
cells of eccrine glands. The specimen was from the scalp of a 32-year-old 
man. 
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who used a mouse monoclonal antibody against a synthetic AR 
peptide. This synthetic peptide is not found in the trp E - AR fusion 
protein and represents an epitope N-terminal to the AR fragment 
we used to raise antibodies. Monoclonal antibody ANI - IS may 
recognize an epitope adjacent to and N-terminal to the DNA-bind-
ing region [10]. 
OUt results and those of Blauer et al [12] are similar. They de-
scribed positive immunocytochemical staining for AR in both geni-
tal and non-genital skin epidermal keratinocytes, dermal fibroblasts 
and endothelial cells, sebaceous and eccrine glands, and outer hair 
root cells of hair follicles. They did not report positive staining for 
AR in the dermal papilla of the hair bulb as we have seen. These 
investigators also observed staining for AR in fibroblast-like cells of 
nerve structures resembling Pacinian corpuscles. We did not see 
these structures in our tissue sections. Choudhry et al [13] found 
immunocytochemical staining for AR in epidermal keratinocytes, 
where a greater number of nuclei stained positive in tissue from 
male than female subjects, in dermal fibroblasts, and in sebaceous, 
apocrine, and eccrine glands.but not blood vessels, nerves, smooth 
muscle, or adipocytes. In our study and that of Blauer et al [12] blood 
vessel endothelial cells stained positive for AR and no great differ-
ence in staining intensity was seen in tissue from male and female 
subjects. Choudhry et al [13] described positive staining for AR in 
dermal papillae of hair follicles as we have seen but, in contrast to 
our results and those of Blauer et ai, not in outer root sheath cells. 
The differences cited above are perhaps due to methodologic differ-
ences (e.g., tissue fixation procedures) or to peculiarities (e.g., affin-
ity, epitope accessability) of the different antibodies, because differ-
ent immunogens were used to raise our antibodies and those used by 
Choudhry et al. We found both nuclear and cytoplasmic staining for 
AR in skin cells, whereas Choudhry et al and Blauer et al reported 
only specific nuclear staining in their studies. Sensitivity of detec-
tion or d.ifferent fixation procedures may explain these contrasting 
results [18]. 
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